A 43-year-old woman was seen in consultation for a lesion in her left distal femur. One year earlier she began experiencing pain in her left knee after a fall. The pain was worse at night and awakened the patient from sleep. The patient had a 26-year smoking history. Her family history was significant for a father who had an unspecified sarcoma of the leg. Physical examination showed full ROM in the extremities, with no lymphadenopathy, palpable masses, or reproducible tenderness. Complete blood count, chemistries, and erythrocyte sedimentation rate were normal whereas her C-reactive protein was slightly elevated at 5.3 mg/L (reference, 0-4.9 mg/L).
History and Physical Examination
A 43-year-old woman was seen in consultation for a lesion in her left distal femur. One year earlier she began experiencing pain in her left knee after a fall. The pain was worse at night and awakened the patient from sleep. The patient had a 26-year smoking history. Her family history was significant for a father who had an unspecified sarcoma of the leg. Physical examination showed full ROM in the extremities, with no lymphadenopathy, palpable masses, or reproducible tenderness. Complete blood count, chemistries, and erythrocyte sedimentation rate were normal whereas her C-reactive protein was slightly elevated at 5.3 mg/L (reference, 0-4.9 mg/L).
The patient underwent plain radiography ( Fig. 1) , CT ( Fig. 2) , MRI (Fig. 3) , and bone scintigraphy (Fig. 4) .
Based on the history, physical examination, laboratory studies, and imaging studies, what is the differential diagnosis at this point?
Imaging Interpretation
Plain radiographs showed a mixed hyperdense-lytic endosteal-based lesion in the lateral supracondylar femur (Fig. 1) . No periosteal reaction, cortical destruction, or extraosseous soft tissue mass was identified.
The CT scans showed a lytic lesion in the lateral supracondylar femur with a thick dense border and additional surrounding sclerosis. Axial ( Fig. 2A) and coronal ( Fig. 2B ) reformatted CT images showed the lytic lesion in the lateral supracondylar femur with surrounding sclerosis. There was no internal mineralization or trabeculation. There was no periosteal reaction, cortical destruction, or extraosseous soft tissue mass.
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T1 hypointensity and T2 hyperintensity were present. No cortical destruction or extraosseous soft tissue mass was identified. An axial T2-weighted fat-saturated image showed a predominantly T2 hyperintense lesion in the lateral supracondylar femur (Fig. 3B) . The lesion had intense radiotracer uptake on bone scintigraphy (Fig. 4 ). There were no other abnormal areas of uptake.
Differential Diagnosis
Langerhans cell histiocytosis Osteoblastoma Aneurysmal bone cyst -solid variant Brodie's abscess Fibrosarcoma Fibrous dysplasia Low-grade intraosseous osteosarcoma
We performed an open biopsy and analyzed histologic samples (Fig. 5) .
Based on the history, physical examination, laboratory studies, imaging studies, and histologic picture, what is the diagnosis and how should this lesion be treated?
Histology Interpretation
The open biopsy (curettage) specimen consists of a 2.5 9 2.0 9 0.5 cm aggregate of tan-pink friable tissue and a 0.8 9 0.7 9 0.5 cm irregular portion of tan-white bone. The resection specimen consists of an oblong fragment of tan, hard bone measuring 4.0 9 2.5 9 2.5 cm, with a 1.7 9 1.5 cm central cavity filled with cement. Microscopically, the tumor is composed of moderately cellular fibrous tissue and irregular trabeculae of woven bone. The tumor cells are predominantly spindled and frequently show large hyperchromatic nuclei and mild to moderate pleomorphism (Fig. 5A) . The tumor cells are closely associated to woven bone trabeculae ( Fig. 5A-B ). There are two to three mitoses in 10 high power fields in the most proliferative areas. No atypical forms are seen. Necrosis is absent. The tumor has a permeative growth pattern infiltrating the intertrabecular spaces and entrapping preexisting lamellar bone ( Fig. 5C-D) . This feature is seen in the curettage specimen and at the periphery of the biopsy cavity in the resection specimen (Fig. 5E ).
Diagnosis
Low-grade intraosseous osteosarcoma.
Discussion and Treatment
Despite the benign appearance on plain radiography, the diagnosis of low-grade intraosseous osteosarcoma was based on histologic appearance and observation of a permeative growth pattern of the tumor. On imaging, the lesion exhibited well-defined and well-demarcated boundaries with a narrow zone of transition suggesting a slow-growing lesion. The lesion was not associated with periosteal reaction, cortical destruction or extraosseous extension to suggest aggressive behavior. Kurt et al. [12] found an intraosseous osteosarcoma had a highly variable radiographic appearance, which at times was deceptively benign [12] . In contrast, the imaging appearance of a conventional osteosarcoma has been well established with plain radiography being the key imaging modality for its diagnosis [19] . Low-grade intraosseous osteosarcomas are slow growing; therefore their radiographic appearance is distinct from that of conventional osteosarcomas, which tend to have ill-defined borders with a wide zone of transition, attendant periosteal reaction, and cortical destruction [17] . The periosteal reaction of a conventional osteosarcoma can present as a Codman's triangle or with more of a sunburst appearance. A series of 80 cases of lowgrade osteosarcoma found periosteal new bone formation present in 16 (22%) of these tumors [12] . Trabeculation, which sometimes was bizarre and often pronounced, was common and seen in 46 (62%) of these lesions [12] . MRI has assumed an invaluable role in characterizing extraosseous soft tissue extension of the tumor, defining the borders of the tumor, demarcating extent of perilesional edema, and searching for skip metastases [19, 21] .
Langerhans cell histiocytosis (LCH) predominantly affects children, adolescents, and young adults and can occur in any bone [9] . Patients typically are asymptomatic. The diagnosis usually is based on radiographic evidence of a destructive bone lesion arising from the marrow cavity and on characteristic morphologic findings [9] . These findings include an expanding erosive accumulation of histiocytes, usually in the medullary cavity [9] . On microscopy, proliferation of foamy and vacuolated histiocytes is associated with a mixture of neutrophils, eosinophils, lymphocytes, and plasma cells [9] . Osteoblastoma affects males more often than females with a respective ratio of 2:1 [20] . The predilection of osteoblastoma is to affect the spine. It also can affect the long bones in the epiphysis, metaphysis, and Fig. 3A-B (A) A coronal T1-weighted MR image shows a T1 hypointense mass in the femur with a more hypointense border corresponding to the sclerosis observed on the CT. (B) An axial T2-weighted fat-saturated MR image shows a predominantly T2 hyperintense lesion in the lateral supracondylar femur with a small amount of surrounding bone marrow edema. diaphysis. A common complaint is of progressive pain localized at the tumor site [20] . Radiographic studies typically do not show matrix mineralization; however, CT scans may delineate the presence of mineralization and aid in diagnosis [20] . Pathologic examination of osteoblastoma usually reveals a well-circumscribed dense border with associated surrounding edema. Osteoblast cells are often pleomorphic and plump and can have nuclei that vary from large to small with abundant cytoplasm [20] . The term aneurysmal refers to a blowout distention, and cyst refers to the common presence of a blood-filled cavity [2, 5, 14] . The cells that line the aneurysmal bone cyst wall are composed of fibrous components and giant cells [14] . Sanerkin et al. described a solid variant of aneurysmal bone cysts in which the predominant histologic feature was that of the solid reactive material of a cystic aneurysmal bone cyst [18] . Histologically these lesions may be mistaken for low-grade osteosarcoma [1, 15] . Solid aneurysmal bone cysts have a varied radiographic appearance, occur more frequently on the metaphyseal and diaphyseal portions of long bones, and on MR images show solid and cystic elements in an expansive osteolytic lesion [8] . Brodie's abscess is one type of subacute osteomyelitis. Subacute osteomyelitis commonly affects individuals from 2 to 15 years old but reportedly affects individuals into their fourth decade of life [10] . The lower limb is affected much more frequently than the upper limb, and the tibia is affected relatively more often than the femur [10] . Brodie's abscess is typically well circumscribed with a dense border, cortical thickening, and edema and has nonspecific findings on bone scintigraphy [10] . MRI can support the diagnosis of Brodie's abscess by way of the penumbra sign, which was reported by Grey et al. [6] to have 75% sensitivity and 99% accuracy in subacute osteomyelitis. The penumbra sign is a discrete transition zone of hyperintense signal between the intermediate-to low-signal-intensity abscess cavity and the adjacent edematous or hyperdense bone marrow on T1 imaging [6] . Fibrosarcoma of bone peaks in the fourth decade and typically affects similar skeletal sites as osteosarcoma [16] . Fibrosarcoma is a painful lesion, typically appears osteolytic on radiography, and may lead to pathologic fracture. Pathologic examination shows a varying amount of fibroblast-like cells with spindle-shaped nuclei [13] . Low-grade fibrosarcomas form a large amount of collagen fiber resembling a desmoplastic fibroma [16] . In contrast high-grade fibrosarcomas have a higher mitotic index and less collagen fiber formation [16] . High-grade fibrosarcomas have a poorer prognosis as compared with low-grade fibrosarcomas [16] . Fibrous dysplasia is a benign process believed to be caused by failure of remodeling of primitive bone into lamellar bone [4] . Lesions may be monostotic or polyostotic and occur in greatest frequency in the long bones, ribs, and craniofacial bones [4] . Polyostotic lesions are less common than monostotic lesions, and frequently grow after skeletal maturity is achieved [7] . Monostotic lesions are typically asymptomatic and often are identified incidentally. On radiography, the lesion is bound by a distinct rim of reactive bone, is more radiolucent than normal bone, and has a ground-glass pattern with no appreciable trabecular pattern [4] . Histologically, fibrous dysplasia appears as immature bone lacking osteoblastic rimming in a fibrous stroma of dysplastic spindle-shaped cells lacking any cellular characteristics of malignancy [4] .
Low-grade intraosseous osteosarcoma is a rare tumor and represents 1.9% of all osteosarcomas according to a Mayo Clinic series of 4074 cases [11] . The most common symptom of low-grade osteosarcoma is pain in the associated region [2, 11, 12] and in some cases swelling. Lowgrade osteosarcoma is difficult to diagnose because of variable and atypical radiographic findings and pathologic findings suggestive of benign fibrous lesions [11, 12] . Kurt et al. [12] reported on 80 cases of low-grade intraosseous osteosarcomas in 41 males and 39 females. Presentation typically occurred between the second and fifth decades of life, and the tumor had a predilection for the long bones, with a majority of the tumors developing in the femur (54%) and tibia (21%) [12] .
On gross examination, low-grade intraosseous osteosarcomas are firm and fibrous with typically welldemarcated borders. Microscopically, they consist of a spindle cell tumor with irregular woven bone production, low cellularity, and few mitotic figures [12] . Various histologic patterns have been observed, with a common theme of low mitotic rates, irregular calcified osteoid, and scattered seams of osteoid embedded in collagen stroma [12] . The amount of osteoid with the tumors is variable, with some showing only small foci of osteoid [12] . Benign fibroosseous lesions of bone such as fibrous dysplasia histologically appear similar to low-grade osteosarcoma. At first glance, both consist of fibrous tissue with scattered irregular trabeculae of woven bone. Cellularity and atypia are more pronounced in low-grade osteosarcomas and mitotic figures are usually present. The expertise of an experienced pathologist often is required to distinguish these two lesions. In addition, careful correlation with the radiographic findings is extremely important.
Treatment for a low-grade intraosseous osteosarcoma typically entails en bloc resection and rarely amputation. As it is a low-grade tumor, chemotherapy and radiation typically are not used in treatment. Disease recurrence after curettage or marginal excision is 80% to 100%; in contrast, recurrence after wide resection is less than 5% [3] . This tumor is associated with a low rate of systemic metastases. The 5-and 10-year survival rates are 90% and 85%, respectively [3] . In the population of tumors that recur, 15% are high-grade osteosarcomas and the prognosis is similar to that of conventional osteosarcomas [3] . Kurt et al. [12] reported 15% of patients experienced a transformation from a low-grade osteosarcoma to a high-grade tumor. In these patients, the clinical course was similar to that of other patients with high-grade osteosarcomas. In the tumors that recurred, dedifferentiation of low-grade osteosarcoma was not an uncommon phenomenon.
We treated our patient with an en bloc resection and open reduction and internal fixation with cement. At 19 months followup she had no pain or swelling.
On physical examination, she had good ROM. Followup radiographs showed no lesions in the femur and proper positioning of hardware (Fig. 6) . Fig. 6A-B (A) PA and (B) lateral radiographs of the femur show hardware in good position and no recurrence of the tumor.
